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The the Power Series Transform 
Linear Difference Equations Engineering 


Leonerd 


Introduction 

Certain problems engineering involve linear difference equations, 
usually the second order. The purpose this paper show the 
application the power transform the solutions such 
lems. The examples selected illustrate the method include problems 
from the field Civil Engineering such as, continuous beams, rigid 
frames, vibrating shafts, etc. well known these problems can 
solved other methods such moment distribution, slope deflection, 
and the method Stodola, but the method presented here hes the 
advantage certain cases. 

The method solving linear difference equations the Laplace 
Transform but the method the power series 
transform has the advantages that (a) less mathematicel background 
required, (b) the formulas involved are less cumbersome, (c) the 
mules are more easily established, and (d) the algebraic manipulation 
less complicated. 


The Power Series Transform 


corresponds power series which the coefficient the k'th power 


the k'th term the sequence. This series the transform 


(1) Professor Mathematics, Virginia Polytechnic Institute, Blacksburg, 


Va. 
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the given certain cases possible recogonize f(s) 
the Maclaurin expension known function for those values for 
which the series converres. Thus for =1, --- 

Appendix contains short list properties the transform, and 
the transforms certain functions which will prove useful the ill- 
ustrative problems. few these formulas are established Apnendix 
illustrate the general procedure. 

Solution Difference Equations 

The difference equations considered will written the form 


result transforming this equation term term, using formulas and 


Appendix the left hand side, and the appropriate formula 


formulas from the same list the right hand side,is 


dividing through the coefficient f(s) this becomes 


The inverse transforms the terms the right side this 
equation can now found reference the list. Note that the 
values and are known then the problem completely solved. 
only known necessary impose another boundary condition 


impose two krown boundary conditions determine their values. 
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Illustrative Examples 


continuous beam with equal spans and triangular load 
distribution, the total load being Find the moment the x'th 


The relation between the moments any three adjacent supports can 
expressed the three moment equation follows: 
The transformed equation, with 


which becomes use partial fractions 


The result taking the inverse transformation and setting 


Therefore the moment the x'th support given 


the same problem above with uniform load lbs per 
foot instead trianguler load. 

The difference equation this case 

The transformed equation, with 


M + s 
The inverse trensformation gives 


cosh 


Sinh 


for odd, where cosh 


rectangular truss consisting two vertical columns fixed 
their ends, and number cross beams form identical 
buckling due shear only, the relation between the slopes the 
(3) 


columns any three consecutive joints 


taking the transform equation and 


Hence from the inverse transform, 


sinx 


Thus the deflection modes are given 


sin 


the ends, hence the critical deflection mote 


and the buckling can determined from the equation 
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n 
n 
sin 
n 


Vierendeel Truss with chords where the stiff- 
ness the horizontal members and that the vertical members 
Kye Let the truss consist identical panels length and 
depth and the loads applied the panel points, symmetric 


the midpoint. 


The difference equation satisfied three deflectior angles 


The transformed equation 
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coefficient and using partial fractions, this becomes; 


The inverse transform found be; 


+ 6 = N + bt sinh An 


massless shaft stiffness Assume oscillation harmonic. 
Then the difference equation where the amplitude the oscilla- 


The equation 


The result teking the inverse transformetion 


= 
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-1/2) 
cos A/2 


cos 
cos 
The natural frequencies the system cen obtained solving 
T 
The application the method simultaneous equations may 
considering the following problem. 
perfectly elastic spheres masses and M>m lie ona 
smooth surface with their line centers perpendicular 
smooth perfectly elastic The sphere mass projected 
wards the wall impinge directly with velocity the sphere 
Find the velocities the spheres after the x'th impact. 
Let and the velocities and respectively after the 
(5) 


x'th impact, measured when toward the well, then 

The transformed equations are 


and 


and 


Hence 


-(1-s) 
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The result taking the inverse transforms 


The method may also used solve linear difference equations 
with linear coefficients illustrated the following problem. 

les 
first order and first degree whose solution 
The result taking the inverse transform 


But when 


APPENDIX 
Short Table Formulas for the Power Series Transform 
Sequence Transform 


f(s) 


(k+2) 


9. k s 
l-s 
225-10 


cosha= 


sin 


=cos kA, cos 


Transform 


s 


2bs 


2bs 


Sequence 
= i +h @ 
16. -b 
225-11 


Proofs Some the Formilas Appendix 


co 


ntk 
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n 


k-1 


sina 


hence cos sin kAcosA 


sina 


from 14) and 3), 2bs 


2bs 
225-13 


Bibliography 
"Laplace Transformation", Thompson, Prentice-Hall Inc. 1950, 


Pep. 163-172. 
"Mathematical Methods Engineering", Karman and Biot, 


Hill Book Co. Inc.,1940, 445-451. 


"Analysis Rigid Frames", Amirikian, United States Printing 


Office, p.p. 124-129. 
"The Calculus Finite Differences", Milne-Thomson, MacMillan 


and Co., London, 1933, page 416. 


225-14 


